1. Introduction {#sec1}
===============

Gallstone disease is highly prevalent in the United States, affecting 10% of the population and resulting in an annual cost burden of \$6.2 billion \[[@B1], [@B2]\]. Of particular concern is the subset of patients with choledocholithiasis, as potential complications of pancreatitis and cholangitis have mortality rates of 1--3% and about 10%, respectively \[[@B3]--[@B5]\]. In 1992, the development of magnetic resonance cholangiopancreatography (MRCP) allowed for highly accurate noninvasive imaging of the bile and pancreatic ducts. Numerous studies have evaluated the efficacy of MRCP for detecting choledocholithiasis, with one large meta-analysis revealing a pooled sensitivity of 92% and specificity of 97% for the detection of stones \[[@B6]\].

Several studies have suggested limiting the use of MRCP to patients at moderate risk for choledocholithiasis and performing endoscopic retrograde cholangiopancreatography (ERCP) in high risk patients \[[@B7]--[@B10]\]. Liu et al. evaluated a prospective cohort of patients at high risk of choledocholithiasis (based on clinical, sonographic, and laboratory criteria) prior to laparoscopic cholecystectomy and found a high incidence of common bile duct (CBD) stones in patients with jaundice (71%) and cholangitis (100%), leading the authors to recommend use of ERCP directly in this group. However, the incidence of choledocholithiasis in patients with cholecystitis and pancreatitis was only 29% and 16%, respectively, and the authors recommended MRCP in this intermediate risk group. Other studies, however, have advocated MRCP for both intermediate and high risk groups to minimize the risk of complications from ERCP and potentially decrease hospital costs \[[@B11], [@B12]\].

Given the uncertainty surrounding the management of choledecholithiasis, the American Society for Gastrointestinal Endoscopy (ASGE) released consensus guidelines for the management of patients with suspected choledocholithiasis in January 2010 \[[@B13]\]. These guidelines classify patients with symptomatic cholelithiasis as high, intermediate, or low risk of choledocholithiasis based on clinical, laboratory (liver biochemical tests), and ultrasound (US) criteria. High risk patients (\>50% probability of common bile duct stone) have the presence of a common bile duct (CBD) stone on US, clinical ascending cholangitis, bilirubin \> 4 mg/dL, and/or the combination of CBD dilation (\>6 mm with an intact gallbladder) with a bilirubin level of 1.8--4 mg/dL. Intermediate risk patients (10--50% probability of CBD stones) have advanced age (\>55 years), liver biochemical abnormalities other than bilirubin, and/or clinical suspicion of biliary pancreatitis. Younger patients without bile duct dilation or liver biochemical test abnormalities were considered low risk (\<10% probability of CBD stone). As per the guidelines, high risk patients should undergo ERCP without any additional imaging. Intermediate risk patients require further evaluation with endoscopic ultrasound (EUS), MRCP, laparoscopic US, or intraoperative cholangiography (IOC). Low risk patients should proceed directly to cholecystectomy.

While these guidelines were based on available evidence, the proposed algorithm for evaluation of choledocholithiasis has not been validated or studied. This study evaluates a cohort of patients at high risk for choledocholithiasis who all required ERCP to determine frequency of MRCP use and the factors and outcomes associated with MRCP prior to ERCP.

2. Methods {#sec2}
==========

An institutional administrative database was searched from 3/2001 to 8/2010 using ICD-9-CM diagnosis codes for choledocholithiasis (574.00--574.9), cholangitis (576.1), and acute pancreatitis (577.0) as well as ICD-9-CM procedure codes for MRCP (52661200) and ERCP (51.85, 51.87, 51.10, 51.19, 51.88, 51.84, and 52.13). All coded diagnoses and procedures were confirmed by reviewing the medical records of each patient. All patients in this cohort underwent ERCP. Patients with a history of cholecystectomy, malignant biliary obstruction, chronic pancreatitis, suspected sphincter of Oddi dysfunction, primary sclerosing cholangitis, HIV cholangiopathy, liver transplantation, chronic liver disease, or sickle cell anemia were excluded. Patients who underwent EUS or were transferred from outside facilities were also excluded. Patients categorized as high risk for choledocholithiasis as per the ASGE guidelines were evaluated \[[@B13]\]. These patients were divided into two groups: (1) patients who underwent MRCP prior to ERCP and (2) patients who underwent ERCP only. High risk patients who only underwent MRCP were not evaluated.

The medical records for each patient were reviewed for the presence of hypotension, defined as mean arterial pressure (MAP) less than 65 mmHg, and the presence of the severe inflammatory response syndrome (SIRS) which was defined as the presence of more than 2 of the following: temperature greater than 38.5 degrees Celsius or less than 35 degrees Celsius, heart rate greater than 90 beats per minute, respiratory rate greater than 20 respirations per minute or PaCO~2~ \< 35 mmHg, and white blood cell count greater than 12,000/cu mm or less than 4000/cu mm or greater than 10% band cells \[[@B14]\]. Persistent SIRS was defined as SIRS lasting \>48 hours. Time to MRCP was defined as the time between US and MRCP (in hours). Time to ERCP was defined as the time between US and ERCP (in hours). The incidence of post-ERCP pancreatitis was compared between the two groups and defined as the presence of changes consistent with acute pancreatitis on abdominal computed tomography (CT) scans. Follow-up was performed until 8/2011 to assess for surgical intervention, recurrent choledocholithiasis, and need for further ERCPs. Comorbidity was assessed using the Charlson comorbidity index \[[@B15]\].

2.1. Statistical Analysis {#sec2.1}
-------------------------

Patient demographics, clinical, laboratory, radiologic, and endoscopic data, as well as charges, were compared between the groups using chi-square test for proportions, Student\'s *t*-test for means, and Wilcoxon rank-sum test for medians. Demographic, laboratory, radiologic, and patient data were evaluated using multivariable logistic regression to identify predictors of MRCP use. All analyses were performed using SAS version 9.2 (Cary, NC).

3. Results {#sec3}
==========

A total of 2,313 patients were evaluated with 224 patients being classified as high risk for choledocholithiasis. One hundred and seventy-six patients (79%) underwent ERCP only, while 48 patients (21%) underwent MRCP prior to ERCP. [Table 1](#tab1){ref-type="table"} displays the comparison of demographic and clinical characteristics between patients who underwent MRCP prior to ERCP and patients who only had ERCP performed. There was no difference in age and gender between these two groups. Both groups had similar rates of SIRS, hypotension, need for ICU, blood stream infections, and mortality. Charlson comorbidity scores were also similar between the two groups. Patients that underwent MRCP and ERCP experienced a significant delay in time to ERCP compared to patients that underwent ERCP only (72.5 hours versus 35 hours, *p* \< 0.0001). The delay in ERCP was associated with a significantly longer median length of stay (8 days versus 6 days, *p* = 0.02) and higher median radiology charges (\$3,385 versus \$1,711, *p* \< 0.0001). There was a trend towards higher median total hospital charges for patients who underwent both MRCP and ERCP (\$23,488 versus \$19,260, *p* = 0.08). The majority of patients were admitted to medical services (approximately two-thirds), a ratio that was similar in both groups.

[Table 2](#tab2){ref-type="table"} compares the procedural characteristics and complications between patients who underwent MRCP prior to ERCP and those patients who only underwent ERCP. Procedural characteristics including sphincterotomy, stone removal, sludge removal, and stent placement were not significantly different between both groups. There was no difference in number of ERCPs or unsuccessful ERCPs between the two groups. Post-ERCP complications including post-ERCP pancreatitis and duodenal perforation were also similar between the groups. There were no instances of postsphincterotomy bleeding requiring blood transfusion in either group. Of the patients that underwent MRCP prior to ERCP, 54% (26/48) were found to have choledocholithasis on MRCP, 42% (20/48) had normal MRCPs, and 4% (2/48) demonstrated strictures. Of the 20 patients with normal MRCPs, all underwent subsequent ERCP and 25% (5/20) were found to have stones on ERCP, while 20% (4/20) were found to have sludge.

[Table 3](#tab3){ref-type="table"} demonstrates the multivariable analysis of factors which influence the use of MRCP in patients at high risk of choledocholithasis. The presence of CBD stone on US (OR 0.09, 95% CI (0.03, 0.28), *p* \< 0.0001) was associated with a 91% reduction in use of MRCP. The remainder of the factors, including those recommended by the ASGE guidelines, such as ascending cholangitis, bilirubin greater than 4, and CBD dilatation with bilirubin 1.8--4 mg/dL, were not statistically significant in the adjusted analysis. Patient and clinical factors such as age, hypotension, and ICU status also did not influence the use of MRCP prior to ERCP.

With regard to surgical characteristics, there was no difference in the proportion of patients who underwent inpatient cholecystectomies in the two groups. Postdischarge cholecystectomies were also similar between the two groups and there were no significant differences in patient follow-up, incidence of recurrent choledocholithiasis, or total number of ERCPs between the two groups.

4. Discussion {#sec4}
=============

Our study evaluated a cohort of patients at high risk for choledocholithiasis who all required ERCP to determine frequency of MRCP use and the factors and outcomes associated with MRCP prior to ERCP. There are several important findings from this study. The first is that MRCP use is quite common among patients at high risk of choledocholithiasis and is associated with increased cost and length of stay but does not influence patient or procedural outcomes. The second is that the decision to perform MRCP is influenced primarily by the absence of CBD stones on US imaging.

Our retrospective study evaluated a cohort of patients at high risk of choledocholithiasis who all underwent subsequent ERCP. Within this group, nearly 1 in 5 patients also underwent initial MRCP prior to ERCP. The utilization of MRCP in this high risk population is associated with greater length of hospital stay, delay in time to ERCP, higher radiology charges, and a trend towards higher hospital charges. Interestingly, measures reflecting the severity of preprocedure clinical status such as the requirement of ICU stay, blood culture positivity, number of SIRS criteria, persistent SIRS, Charlson comorbidity index, and hypotension were similar between both groups. In addition, the frequency of admission to medical versus surgical services was also similar between both groups, suggesting the utilization of MRCP in this setting is common among both surgeons and internists.

There have been multiple prior studies which have evaluated the use of MRCP in suspected choledocholithiasis. Many authors have advocated and investigated the use of an algorithmic approach to managing choledocholithasis based on risk stratification and selective use of MRCP and ERCP \[[@B8], [@B16]\]. This risk stratified algorithm is similar to the approach endorsed by the most recent ASGE guidelines. Two studies recommended performing MRCP in high risk patients. In a study by Kim et al., 70% of the patients in the high risk group were found to have CBD stones but the authors suggested that MRCP should be performed in all risk groups to reduce the risks of ERCP \[[@B12]\]. Similarly, Demartines et al. recommended use of MRCP in high risk patients to minimize diagnostic ERCPs and to reduce overall healthcare costs \[[@B11]\]. However, the present study demonstrates that ERCP was performed in a large number of high risk patients despite having normal MRCPs. In addition, charges were significantly higher in the group of patients who underwent both MRCP and ERCP.

In terms of clinical outcomes, patients undergoing MRCP had no significant difference in mortality compared to patients undergoing ERCP only. Procedural characteristics and complications were also similar between both groups. An interesting finding was that the 20 patients (42% of MRCP group) who had normal MRCP underwent ERCP, which further raised the question of the utility of obtaining an MRCP if the decision to perform an ERCP will not be altered by a normal MRCP result. Other studies have also demonstrated that MRCP results do not significantly impact the decision to perform ERCP. Sahai et al. conducted a prospective assessment of the ability of MRCP to obviate ERCP in patients with a variety of pancreaticobiliary disorders and found that MRCP would prevent less than 3% of ERCPs \[[@B9]\]. One possible issue with this study is that it was performed in 1997 and physician confidence in MRCP may have been limited, given the nascent nature of the technology. Regardless, our findings demonstrate that, in high risk patients who have a high pretest probability of choledocholithasis, normal MRCP results often do not result in prevention of subsequent ERCP.

Among the four ASGE criteria that establish patients as high risk for choledocholithiasis, only the finding of a CBD stone on US consistently directed patients to ERCP over obtaining initial MRCP. Clinicians appear to heavily weigh biliary stone(s) visualized on US as the primary impetus to proceed to ERCP. Surprisingly, clinical factors such as age, hypotension, ICU status, and comorbidities were not predictors of MRCP use in the adjusted analysis. A prior meta-analysis demonstrated similar findings that no single predictor is completely accurate in predicting CBD stones prior to cholecystectomy but that CBD stone seen on US is the most reliable predictor for choledocholithiasis on subsequent ERCP or at surgery \[[@B17], [@B18]\]. The other predictors of choledocholithiasis were cholangitis, bilirubin \> 1.7 mg/dL, and CBD dilatation \[[@B17], [@B18]\]. Further emphasis on the other risk factors for choledocholithiasis may help reduce the overutilization of MRCP in patients at high risk of choledocholithiasis.

There are several limitations to this study. The first is the retrospective nature that relies on the accuracy of ICD-9 coding. However, every chart was individually reviewed to confirm all diagnoses and procedures. The second limitation is the potential generalizability of the results in nontertiary hospital setting. Choledocholithiasis is commonly managed in community hospitals and while the availability of ERCP at community hospitals has increased greatly over time, it is possible that ERCP may not be as readily available, resulting in increased use of MRCP. The third limitation is our study evaluated charges as opposed to costs. Charges are often influenced by a variety of external factors and may not be as accurate of a measure of true cost. In addition, Maryland operates under a Medicare waiver; therefore, the state sets payment rates to hospitals and providers. This results in charge data that may be significantly different compared to other states.

In conclusion, our study showed that around 1 in 5 patients that are at high risk for choledocholithiasis undergo MRCP prior to ERCP contrary to the ASGE consensus guidelines. The use of MRCP in this high risk group is associated with increased cost and length of stay but does not significantly influence patient or procedural outcomes. Given these findings, better practice adherence to high risk stratification guidelines would result in systemic cost savings without compromising patient outcomes.
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###### 

Demographic, clinical, and cost characteristics of patients at high risk of choledocholithiasis.

  ------------------------------------------------------------------------------------------------------------------------
                                                             MRCP + ERCP\             ERCP only\               *p* value
                                                             (*n* = 48)               (*n* = 176)              
  ---------------------------------------------------------- ------------------------ ------------------------ -----------
  Age, mean (SD)                                             53.7 (19.2)              55.4 (19.4)              0.58

  Female                                                     60.4%                    57.9%                    0.76

  SIRS criteria                                                                                                 

   0                                                         11 (22.9%)               59 (33.5%)               0.28

   1                                                         18 (37.5%)               40 (22.7%)               

   2                                                         11 (22.9%)               36 (20.5%)               

   3                                                         6 (12.5%)                35 (19.9%)               

   4                                                         2 (4.2%)                 6 (3.4%)                 

  \>2 SIRS criteria                                          19 (39.6%)               77 (43.6%)               0.63

   Persistent                                                7 (14.6%)                18 (10.2%)               0.23

  MAP \< 65                                                  5 (10.4%)                13 (7.4%)                0.70

  Need for ICU                                               7 (14.6%)                40 (22.7%)               0.22

  Positive blood cultures                                    7 (14.6%)                27 (15.3%)               0.9

  Mortality                                                  2 (4.2%)                 9 (5.1%)                 0.91

  Charlson comorbidity index, median \[*Q* ~1~, *Q* ~3~\]    2 \[0, 5\]               2 \[0, 4\]               0.87

  Time to MRCP (hrs), median \[*Q* ~1~, *Q* ~3~\]            24 \[10, 42.8\]                                    

  Time to ERCP (hrs), median \[*Q* ~1~, *Q* ~3~\]            72.5 \[43, 119\]         35 \[13, 50\]            \<0.0001

  LOS (days), median \[*Q* ~1~, *Q* ~3~\]                    8 \[6, 15\]              6 \[4, 10\]              0.02

  Total hospital charges (\$), median \[*Q* ~1~, *Q* ~3~\]   23488 \[15707, 35820\]   19260 \[10860, 32502\]   0.08

  Radiology charges (\$), median \[*Q* ~1~, *Q* ~3~\]        3385 \[2261--6058\]      1711 \[1018--3272\]      \<0.0001

  Primary service of admission                                                                                  

   Medicine                                                  32 (66.7%)               114 (64.8%)               

   Surgery                                                   16 (33.3%)               62 (35.2%)               0.807
  ------------------------------------------------------------------------------------------------------------------------

MAP: mean arterial pressure.

###### 

Procedural characteristics and complications of patients at high risk of choledocholithiasis.

  ---------------------------------------------------------------------------------
                                           MRCP + ERCP\   ERCP only\    *p* value
                                           (*n* = 48)     (*n* = 176)   
  ---------------------------------------- -------------- ------------- -----------
  Number of ERCPs                                                        

   1                                       43 (89.6%)     154 (87.5%)   0.91

   2                                       4 (8.3%)       19 (10.8%)    

   \>3                                     1 (2.1%)       3 (1.7%)      

  Sphincterotomy                           43 (89.6%)     145 (82.4%)   0.23

  Stone removal                            24 (50.0%)     109 (61.9%)   0.18

  Sludge removal                           19 (39.6%)     71 (40.3%)    0.92

  Stent placement                          27 (56.3%)     81 (46.0%)    0.21

  Unsuccessful ERCP                        3 (6.3%)       14 (8.1%)     1

  Post-ERCP pancreatitis                   2 (4.2%)       4 (2.3%)      0.61

  Bleeding (requiring blood transfusion)   0              0             NA

  Perforation                              1 (2.1%)       1 (0.6%)      0.38
  ---------------------------------------------------------------------------------

LOS: length of stay.

###### 

Multivariable analysis of predictors of MRCP use in patients at high risk of choledocholithiasis.

  Variable                              Odd ratio   95% CI         *p* value
  ------------------------------------- ----------- -------------- -----------
  Ascending cholangitis                 0.72        (0.31, 1.7)    0.45
  Bilirubin \> 4                        0.84        (0.26, 2.7)    0.77
  CBD stone on US                       0.09        (0.03, 0.28)   \<0.0001
  CBD dilatation and bilirubin 1.8--4   1.05        (0.30, 3.65)   0.93
  Charlson comorbidity score            1.07        (0.86, 1.32)   0.53
  Age                                   0.99        (0.97, 1.02)   0.61
  Map \< 65                             1.08        (0.33, 3.56)   0.9
  ICU status (ref. = ICU patient)       0.49        (0.19, 1.29)   0.15
